Background. Subtypes of melanoma, such as mucosal, uveal, and acral, are believed to result in worse prognoses than nonacral cutaneous melanoma. After a diagnosis of distant metastatic disease, however, the overall survival of patients with mucosal, uveal, acral, nonacral cutaneous, and unknown primary melanoma has not been directly compared. Materials and Methods. We conducted a single-center, retrospective analysis of 3,454 patients with melanoma diagnosed with distant metastases from 2000 to 2013, identified from a prospectively maintained database. We examined melanoma subtype, date of diagnosis of distant metastases, age at diagnosis of metastasis, gender, and site of melanoma metastases. Results. Of the 3,454 patients (237 with mucosal, 286 with uveal, 2,292 with nonacral cutaneous, 105 with acral cutaneous, and 534 with unknown primary melanoma), 2,594 died. The median follow-up was 46.1 months. The median overall survival for those with mucosal, uveal, acral,
INTRODUCTION
Melanoma most commonly arises from melanocytes present in cutaneous primary locations (cutaneous melanoma), but it can occasionally arise from melanocytes located within the mucosal surfaces of the body (mucosal melanoma) and the uvea of the eye (uveal melanoma). Melanoma can also arise from cutaneous locations in non-hair-bearing surfaces (acral melanoma), such as the palms of the hands, the soles of the feet, or subungual areas. In other cases, melanoma is diagnosed in the metastatic setting without a known primary site (unknown primary melanoma).
Mucosal, uveal, and acral melanoma are far less common than nonacral cutaneous melanoma and have distinct clinical and biological features [1] [2] [3] [4] . Cutaneous melanoma has a high frequency of mutations in the oncogene BRAF, and mucosal and acral melanomas have a higher proportion of mutations in the receptor tyrosine kinase protein, KIT [3, 4] . Uveal melanomas, in contrast, have a high proportion of mutations in GNAQ and GNA11, which encode for the a-subunit protein of the heterotrimeric G protein complex activating phospholipase C [5] . The etiology of unknown primary melanoma is not known, but spontaneous regression of an otherwise unrecognized cutaneous melanoma could be involved [6] . The molecular profiles of unknown primary melanoma most closely resemble nonacral cutaneous melanoma, supporting this possibility [7, 8] .
It is generally believed that melanoma arising from a mucosal, uveal, or acral cutaneous primary location portends a worse overall prognosis than melanoma arising from a nonacral cutaneous primary location. This assumption has largely been based on studies that have reported high recurrence rates after definitive treatment of primary mucosal, uveal, and acral melanoma and poor overall survival from the time of the diagnosis of primary disease to death [9] [10] [11] [12] [13] [14] . Despite these prognostic assumptions, no study, to the best of our knowledge, has evaluated whether the outcomes of patients with these various melanoma subtypes differ after the diagnosis of metastatic disease.
We reviewed the Memorial Sloan Kettering Cancer Center experience of patients who had been diagnosed with distant metastatic mucosal, uveal, acral, nonacral cutaneous, and unknown primary melanoma during a 14-year period (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) . We analyzed overall survival among these melanoma subtypes from the time of metastasis diagnosis to death and investigated the relationships between the known prognostic variables and outcome.
MATERIALS AND METHODS
Patients (n 5 3,454) who had been diagnosed with distant metastatic mucosal, uveal, acral, nonacral cutaneous, and unknown primary melanoma were identified from our prospectively maintained melanoma database. The date of diagnosis of distant metastasis was defined as the date distant metastases first appeared clinically or radiographically. The date of each patient's last known follow-up appointment or death was also recorded. Data on age, gender, treatment with agents known to prolong overall survival in the era of the study (i.e., ipilimumab, vemurafenib, dabrafenib, trametinib, pembrolizumab, and nivolumab), and site of metastases (skin/ lymph node involvement, lung metastases, nonpulmonary visceral metastases) were extracted. Patients with mucosal and nonacral cutaneous melanoma were further analyzed according to the specific anatomic subsite of their primary melanoma (mucosal: anorectal, head/neck, vulvovaginal, and other; nonacral cutaneous: scalp, head/neck nonscalp, upper extremity, lower extremity, and trunk). The present retrospective analysis was performed after institutional review board determination that it was exempt research under 45 Code of Federal Regulations 46.101.b.
Statistical Analysis
The chi-square test and the Kruskal-Wallis test were used to compare the patient and disease characteristics among the melanoma subtypes for categorical and continuous variables, respectively. Overall survival was defined as the time from the date of metastatic diagnosis to the date of death or the last follow-up visit. The Kaplan-Meier method was used, and comparisons between categorical variables were assessed using the log-rank test. A Cox proportional hazards model was used for multivariate analysis. Because treatment with agents proven to improve overall survival increased over time, most dramatically beginning in 2006 (with U.S. Food and Drug Administration approvals starting in 2011), the year of metastatic diagnosis was included as a variable and categorized as 2000-2005, 2006-2010, and 2011-2013 . p values ,.05 were considered significant. All analyses were performed using R, version 3.1.1 (available at https:// cran.r-project.org).
RESULTS

Patient Demographics and Treatment
A total of 3,454 patients with metastatic melanoma of primary mucosal (n 5 237), uveal (n 5 286), acral (n 5 105), nonacral cutaneous (n 5 2,292), and unknown primary (n 5 534) melanoma were included in the present analysis (Table 1) . Patients with mucosal melanoma were slightly older, with a median age of 66 years, compared with patients with uveal, acral, nonacral cutaneous, and unknown primary melanoma (median age of 63, 65, 62, and 61 years, respectively; p , .001). More women than men had mucosal melanoma, largely driven by the cases of vulvovaginal melanoma, but more men than women had the other four subtypes (p , .001). Among all melanoma subtypes, the proportion of patients with nonpulmonary visceral metastases (60%) at the time of metastatic diagnosis was greater than that of patients with pulmonary (27%) and skin/lymph node (13%) metastatic melanoma. This difference appeared largest in patients with uveal melanoma, with 87% diagnosed with nonpulmonary visceral melanoma metastases (p , .001). Additional demographic details of the study population are presented in Table 1 .
Very few patients diagnosed with metastatic melanoma from 2000 to 2005 received treatment shown to improve overall survival (ipilimumab, 3%; RAF inhibitor, ,1%; trametinib, 0%; pembrolizumab or nivolumab monotherapy, 0%; Table 2 ). These proportions differed in the cohort diagnosed with metastatic disease from 2006 to 2010 (ipilimumab, 22%; RAF inhibition, 4%; trametinib, ,1%; pembrolizumab or nivolumab monotherapy, 1%, ipilimumab plus nivolumab, ,1%) and from 2011 to 2013 (ipilimumab, 53%; RAF inhibitor, 17%; trametinib, 3%; pembrolizumab or nivolumab monotherapy, 7%; ipilimumab plus nivolumab, 4%).
Univariate Analysis of Overall Survival
At the last follow-up point, 860 of the 3,454 patients were still alive. The median follow-up period for the survivors was 46.1 months. The median overall survival for the entire cohort of patients was 11.4 months. The univariate analysis results are presented in Table 3 . Patients with mucosal melanoma had a significantly shorter median overall survival than that of www.TheOncologist.com patients with uveal, acral, nonacral cutaneous, and unknown primary melanoma (9.1, 13.4, 11.4, 11.7, and 10.4 months, respectively; p , .001; Fig. 1 ). No significant differences were seen in survival between patients with uveal melanoma, both types of cutaneous melanoma (acral and nonacral), and unknown primary melanoma (p 5 .972). The overall survival also did not differ between those with acral and nonacral cutaneous melanoma (p 5 .891).
We next sought to determine whether differences could be found in overall survival among patients whose metastatic melanoma had arisen from a specific primary anatomic location. No difference was seen in survival among the specific anatomic subtypes of mucosal melanoma (p 5 .34; Table 3 ). However, a significant difference was found in survival among patients with nonacral cutaneous melanoma according to their specific anatomic primary subsite. Patients whose melanoma had originally arisen from a truncal location had worse metastatic overall survival than patients whose cutaneous primary melanoma had arisen fromother sites (p 5 .02; Table 3 ).
Older age was associated with decreased survival (p , .001). Patients with nonpulmonary visceral metastases had significantly worse survival (8.8 months) than patients with ,.001
Skin/lymph node 438 (13) 19 (8) 13 (5) 311 (14) 24 (23) 71 (13) Pulmonary 948 (27) 50 (21) 23 (8) 717 (31) 38 (36) Fig. 2 ). In the 2011-2013 period, the same pattern of survival was observed (Fig. 3) .The median overall survival was similar between the uveal and nonacral cutaneous patients (13.9 and 14.7 months, respectively; p 5 .736), although most of the nonacral cutaneous patients had received immunotherapy or targeted drugs. Patients with mucosal melanoma had significantly worse overall survival (median overall survival, 7.5 months) compared with those with nonacral cutaneous melanoma (p , .001).
Multivariate Analysis of Overall Survival
Because age, location of metastases, and year of metastatic diagnosis were significantly associated with survival on univariate analysis, these factors were incorporated into a multivariate model. Although gender was not associated with overall survival in our univariate analysis, it was included in the multivariate model, because previous analyses had reported that it was related to the overall survival of patients with melanoma [15, 16] . On multivariate analysis, melanoma subtype, age, site of metastases, and year of metastatic diagnosis were significantly associated with overall survival (Table 4 ). Similar to the univariate results, those with nonacral cutaneous (hazard ratio [HR], 0.80), uveal melanoma (HR, 0.70), acral cutaneous (HR, 0.90), and unknown primary (HR, 0.78) melanoma had better overall survival than did those with mucosal melanoma.
DISCUSSION
In the present retrospective analysis ofnearly 3,500 patients with metastatic melanoma and long-term follow-up data available, we found that metastatic melanoma arising from a primary mucosal site was independently associated with shorter overall survival. Patients with metastatic uveal, acral cutaneous, nonacral cutaneous, and unknown primary melanoma, however, had similar overall survival. Follow-up was complete, with 2,594 deaths (75%) of an initial 3,454 patients at risk, and the median follow-up period for the survivors was long at 46.1 months. Although other studies have suggested that patients with mucosal, uveal, and acral cutaneous melanoma have a worse prognosis than those with nonacral cutaneous melanoma [9] [10] [11] [12] [13] [14] , the present study is the only one, to the best of our knowledge, in which the prognosis of metastatic patients with these various melanoma subtypes was directly compared. We found that patients with distant metastatic melanoma of an unknown primary had similar outcomes compared with patients with melanomaof aknown primary,consistent withsome [17] , but not all [18, 19] , other studies assessing unknown primary melanoma and melanoma of known primary. Differences in patient numbers and study methods could account for some of the variation.
During the time period of our analysis, several new agents were introduced that were shown to improve overall survival, including ipilimumab [20, 21] , vemurafenib [22] , dabrafenib [23] , trametinib [24] , pembrolizumab [25] , and nivolumab [26] . It is possible these new treatments affected the improved outcomes seen in the latter time groups, but many factors could have been involved in this finding and the follow-up time was shorter. Nonetheless, when we divided the patients into three subgroups according to the timeframe of their distant disease diagnosis, our main conclusion of the mucosal subtype being associated with shorter overall survival remained unchanged. The finding of worse overall survival for patients with mucosal melanoma compared with nonacral cutaneous melanoma was impressive within the 2011-2013 cohort (7.5 months vs. 14.7 months, respectively; p , .001), suggesting that this difference still seems to exist within more contemporary clinical practice patterns in treatment. Because mucosal and uveal melanomas are associated with a lower frequency of BRAF mutations than cutaneous melanoma [3] , the rate of RAF inhibitor use was higher in patients with cutaneous melanoma. Although this might have led to slightly favorable results in the cutaneous group, the rate of RAF inhibitor use was still low, likely because of the historical period when most of these patients were diagnosed with metastatic disease and the unavailability of RAF inhibitors.The use of antiprogrammed death 1 (PD-1) inhibitors and the combination of ipilimumab plus nivolumab was low in all study periods. Even in the most recent cohort, 2011-2013, although the numbers were small, the use of anti-PD-1 antibodies was not substantially lower in patients with mucosal melanoma to believe this was a reason for their inferior overall survival. When Overall Survival in Different Subtypes of Melanoma sufficient patients with these melanoma subtypes have been treated with anti-PD-1 approaches with adequate follow-up, a repeat analysis should be performed. For patients with metastatic uveal melanoma, no treatment has yet been shown to improve overall survival and the response rates to standard agents remain low [27] [28] [29] [30] . Nonetheless, patients with metastatic uveal melanoma had the same survival as patients with cutaneous melanoma in our data set, possibly suggesting some patients with uveal melanoma have a more indolent disease course.
Because we measured overall survival from the time of metastatic diagnosis to death, we cannot exclude the possibility of a lead-time bias, arising from radiographic surveillance patterns, affecting the date of diagnosis of metastatic disease. However, we do not believe this was the case. Patients with unknown primary melanoma who were not undergoing radiographic surveillance for recurrent melanoma still had more favorable survival than patients with mucosal melanoma. Additionally, radiographic surveillance was not shown to affect the overall survival of patients with recurrent uveal melanoma [31] . The overall survival of patients with metastatic uveal melanoma in the present report was more favorable than that of patients described in other retrospective series [32, 33] . We cannot exclude the possibility of a referral bias contributing to this finding as patients with uveal melanoma sought clinical trials at our institution. Nonetheless, we expect that a similar referral bias should have been present for patients with other melanoma subtypes during this time interval. Lactate dehydrogenase (LDH) and performance status, known prognostic variables in melanoma [34, 35] , were not consistently available for all patients and therefore could not be included in the analysis. Thus, we chose to characterize patients by the site of metastatic disease (skin/lymph node, pulmonary, and nonpulmonary visceral) instead of the standard American Joint Committee on Cancer M stage criteria, which requires LDH [35] .
Although this was an inherent limitation to our analysis, we believe our findings justify a repeat analysis in a larger data set that includes LDH and performance status for validation.
The reason patients with metastatic mucosal melanoma had worse overall survival remains unclear. Unlike cutaneous melanoma, which has a high somatic mutation rate and mutations associated with exposure to UV light [36, 37] , mucosal melanoma has a lower somatic mutation rate with genetic copy number and structural variants that differ from the mutations typically seen in melanomas associated with UV light [38] . It is possible that the unique genetic profile of mucosal melanomas contributes to an inherently more aggressive course than cutaneous melanoma, but this requires further study.
CONCLUSION
These prognostic findings highlight the need for additional research, patient advocacy, and inclusion in clinical trials of new agents for patients with mucosal melanoma as little is known about the responsiveness of mucosal melanoma to novel melanoma therapeutics. Although metastatic uveal melanoma is believed to be less responsive to systemic therapies than cutaneous melanoma, in our data set, patients with uveal melanoma had the same overall survival as patients with cutaneous melanoma. The prognoses of patients with other malignancies that consist of various subtypes should be similarly investigated from the time of metastatic disease because the prognoses could differ from those when the overall survival from early-stage disease to death is assessed.
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